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We have applied isovector and isoscalar tensor current to evaluate the tensor form factors of
the N(1535) → N transition with the help of light-cone QCD sum rule method. In numerical
computations, have used the most general forms of the interpolating current for the nucleon and the
tensor current together with two different sets of the input parameters in the DAs of the N(1535)
state. We have obtained that the values of N(1535) → N transition tensor form factors very sensitive
to the input parameters of the DAs of the N(1535) state. We have acquired that the Q2 dependence
of N(1535) → transition tensor form factors are well defined by a p-pole fit function.
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I. INTRODUCTION
The essential subject of QCD is to understanding the
internal structure of hadrons and their features in terms
of degrees of freedom of quark-gluons. Hadron charges
described as matrix elements of tensor, axial and vector
currents between hadron states include complete knowl-
edge about internal structure of the hadron. At the twist-
two level, the corresponding charges are characterized by
the helicty distribution g1(x), transversity distribution
h1(x) and unpolarized distribution f1(x) function of the
quark. More generally, at the leading twist, eight general-
ized parton distributions (GPDs) encompass full knowl-
edge on the internal structure of hadrons: Four chiral-odd
spin-dependent GPDsHT (x, ξ, t), ET (x, ξ, t), H˜T (x, ξ, t),
and E˜T (x, ξ, t); two chiral-even spin-dependent GPDs
H˜(x, ξ, t), and E˜(x, ξ, t) and; two chiral-even spin-
independent GPDs H(x, ξ, t), E(x, ξ, t), where ξ is the
skewness and t = - Q2 is the squared momentum trans-
fer [1–4]. These observables include important knowledge
about the internal structure of the hadron. They char-
acterize, e.g., how partons are distributed in the trans-
verse plane according to motion of the hadron or the
contribution of quark orbital angular momentum to to-
tal angular momentum of the hadron. The helicity and
unpolarized distribution functions can be extracted from
inclusive deep-inelastic scattering data because of their
chiral-even nature. In the forward limit, they are related
to the electromagnetic, axial and pseudoscalar form fac-
tors [5]. However, the transversity distribution function,
which is related to the tensor fom factors in the forward
limit, has chiral-odd nature so, there is a big experimen-
tal problem to measure it. It can be acquired Drell-Yan
processes and semi-inclusive deep inelastic scattering, as
distributions of transversity do appear at leading twist
in the cross-section. Photo- and electro-production of
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mesons off the polarized nucleons and the transversely
polarized Drell-Yan process are recommended as suit-
able ways to measure transversity distribution. In Ref.
[6], transversity distribution of the nucleon was extracted
using the experimental data from COMPASS [7], HER-
MES [8] and Belle [9] Collaborations. Afterwards, in Ref.
[10] the tensor charge of the nucleon extracted in the
framework of covariant quark-diquark model. Moreover,
tensor form factors of the nucleon have been investigated
by the help of QCD sum rule [11, 12], axial vector me-
son dominance model [13], quark model [14, 15], chiral
quark soliton model [16, 17], light-cone QCD sum rule
[18, 19], dihadron production [20], lattice QCD [21–23],
relativistic confined quark model [24] and skyrme model
[25]. Besides, the tensor form factors of the octet hy-
perons are investigated in the framework of chiral quark
soliton model [17] and light-cone QCD sum rule [26].
Form factors play a crucial role in our comprehension
of the tomography of baryons. The tensor form factors
are missing part of the this tomography. Recently, the
measurements of exclusive electro-production of pseu-
doscalar mesons (π and η mesons) has demonstrated
that these processes are responsive to chiral-odd GPDs
[27–30]. Photo- and electro-production of pseudoscalar
mesons can be used to extract the tensor form factors of
baryons [27]. In the short run, remarkably more accurate
measurements of the nucleon tensor form factors are ex-
pected at Jefferson Laboratory (JLab) by the CLAS Col-
laboration. Besides, the experiments designed at CLAS
Collaboration, have been aimed to investigate features
of electro-excitaton of nucleon resonances in photo- and
electro-production reactions [31]. Inspired by the future
experiments at JLab, we aim to investigate the isovector
and isoscalar tensor form factors N(1535) → N transi-
tion up to a momentum transfer of Q2 ≤ 10 GeV2 with
the help of light-cone QCD sum rule. To our knowl-
edge, this is the first study in the literature committed
to the examination of the N(1535)→ N transition tensor
form factors. In the light-cone QCD sum rule method,
the hadronic observables are described in connection with
the properties of the vacuum and distribution amplitudes
2(DAs) of the hadrons under the investigation [32–34].
Since the hadronic observables are described in connec-
tion with the features of the QCD vacuum and the DAs,
any ambiguity in these variables reflects to the ambigu-
ity of the predictions of the hadronic observables. Note
that the electromagnetic [35], axial [36] and gravitational
[37] form factors for N(1535)→ N transition have been
evaluated with the help of light-cone QCD sum rule.
This article is organized in the following manner: In
Section II we present the details of our light-cone QCD
sum rule calculations. In Section III we analyze the ob-
tained results, and give our conclusions.
II. ISOVECTOR AND ISOSCALAR TENSOR
FORM FACTORS OF N(1535) → N TRANSITION
The matrix element of the isovector and isoscalar ten-
sor current between nucleon and N(1535) baryons is de-
fined by three dimensionless invariant form factors as pre-
sented [38, 39]
〈N(p′)|Jµν |N(1535)(p)〉 = u¯(p
′)
[
[iσµνH
I=0,1
T (Q
2) +
γµqν − γνqµ
2m¯
EI=0,1T (Q
2) +
P˜µqν − P˜νqµ
2m¯2
H˜I=0,1T (Q
2)
]
γ5u(p),
(1)
where m¯=(mN+mN(1535))/2, σµν =
i
2 [γµ, γν ], q = p−p
′,
P˜ = p′ + p and; F I=1 = Fu − F d and F I=0 = Fu + F d
for any of the form factors, F= ET , HT or H˜T .
To derive the light-cone QCD sum rules for isovector
and isoscalar tensor form factors of N(1535)→ N tran-
sition, we consider subsequent correlator for our analysis
Πµν(p, q) = i
∫
d4xeiqx〈0|T [JN (0)Jµν(x)]|N(1535)(p)〉,
(2)
where Jµν(x) is the tensor current and JN (0) are inter-
polating currents for nucleon states. The explicit forms
of the JN (0) and Jµν(x) are given as
JN (0) = 2ǫ
abc
2∑
ℓ=1
(uaT (x)CJℓ1u
b(x))Jℓ2d
c(x),
Jµν(x) = u¯
d(x)iσµνu
d(x) ± d¯e(x)iσµνd
e(x), (3)
where J11 = I, J
2
1 = J
1
2 = γ5, J
2
2 = t, which is an arbi-
trary parameter that fixes the mixing of two local oper-
ators and C denotes charge conjugation.
To acquire the sum rules for isovector and isoscalar
tensor form factors of N(1535) → N transition the cor-
relator in Eq.(2) is obtained from the subsequent three
steps:
• the correlator is saturated by complete set of hadronic
states, which are have the same quantum numbers as in-
terpolating currents (hadronic representation),
• the correlator is obtained in connection with quark
and gluon degrees of freedom interacting with non-
perturbative QCD vacuum (QCD representation).
• Then matching these two independent representations
of the correlator to one another employing the quark-
hadron duality ansatz. To keep under control undesirable
contributions coming from the higher and excited states
we perform Borel transformation, in addition to contin-
uum subtraction to both representations of the obtained
corresponding sum rules.
As we mentioned above in order to evaluate the cor-
relator in connection with hadron features, a complete
hadronic set with the same quantum numbers as the in-
terpolation currents is inserted. After that, the correla-
tion function is becoming
ΠHadµν (p, q) =
∑
s′
〈0|JN (0)|N(p
′, s′)〉
m2N − p
′2
〈N(p′, s′)|Jµν(x)|N(1535)(p, s)〉+ ..., (4)
where
〈0|JN (0)|N(p
′, s′)〉 = λNuN(p
′, s′), (5)
with λN and uN(p
′, s′) being the residue and Dirac spinor
of nucleon, respectively. Summation over the spins of the
nucleon is performed as
∑
s′
uN(p
′, s′)u¯N (p
′, s′) = p/′ +mN . (6)
Substituting Eq. (1), Eq. (5) and Eq. (6) into Eq.
(4), we acquire the correlator in the way of the hadronic
features as
3ΠHadµν (p, q) =
λN
m2N − p
′2
(p/′ +mN )
[
iσµνH
I=0,1
T (Q
2) +
γµqν − γνqµ
2m¯
EI=0,1T (Q
2) +
P˜µqν − P˜νqµ
2m¯2
H˜I=0,1T (Q
2)
]
γ5 u(p).
(7)
The next step is to evaluate the correlator in Eq. (2)
with respect to quarks and gluon properties in deep Eu-
clidean region. Employing the expression for JN (0) and
Jµν(x) and Wicks theorem, the QCD representation of
the correlator is obtained as,
ΠQCDµν (p, q) = −
∫
d4xeiqx
[{
(γ5)γδ Cαβ (iσµν)ωρ + t (I)γδ (Cγ5)αβ (iσµν)ωρ
}
×
{
〈0|ǫabcuaσ(0)u
b
θ(x)d
c
φ(0)|N(1535)(p)〉
(
δασ δ
ρ
θδ
β
φSu(−x)δω + δ
δ
σδ
ρ
θδ
β
φSu(−x)αω
)
± 〈0|ǫabcuaσ(0)u
b
θ(0)d
c
φ(x)|N(1535)(p)〉 δ
α
σ δ
δ
θδ
ρ
φSd(−x)βω
}]
, (8)
where Sq(x) is the light-quark propagator and it is given
as (mq = 0)
Sq(x) = i
x/
2π2x4
−
〈q¯q〉
12
−
〈q¯σ.Gq〉
192
x2
−
igs
32π2x2
Gµν(x)
[
/xσµν + σµν/x
]
. (9)
The 〈0|ǫabcuaσ(x1)u
b
θ(x2)d
c
φ(x3)|N(1535)(p)〉 matrix ele-
ment in Eq. (8) is can be written in terms of the DAs
of N(1535) state and it is necessary for further compu-
tations. The comprehensive expression of this matrix
elements are presented in the Ref. [40]. After employ-
ing the explicit forms of the above matrix elements and
the light-quark propagator, we acquire an expressions in
x-space. Then we apply Fourier transforms to transfer
these expressions into the momentum space.
The desired light-cone sum rules are obtained by
matching both representations of the correlation func-
tion. In order to do this, we have to choose different
and independent Lorentz structures. For this purpose,
we choose pµqνγ5, pµγνγ5 and pµqνq/γ5 structures for
EI=0,1T (Q
2), HI=0,1T (Q
2) and H˜I=0,1T (Q
2) form factors,
respectively. As a result, we get the light-cone sum rules,
EI=1T (Q
2)
λN
m2N − p
′2
= m¯ΠQCD1 , E
I=0
T (Q
2)
λN
m2N − p
′2
= m¯ΠQCD2 , (10)
HI=1T (Q
2)
λN
m2N − p
′2
= −
1
2
ΠQCD3 , H
I=0
T (Q
2)
λN
m2N − p
′2
= −
1
2
ΠQCD4 , (11)
H˜I=1T (Q
2)
λN
m2N − p
′2
= −m¯2ΠQCD5 , H˜
I=0
T (Q
2)
λN
m2N − p
′2
= −m¯2ΠQCD6 ., (12)
The ΠQCDi functions appearing in Eqs. (10) to (12) are
quite long and not illuminating. However, as an example,
we give the result of the ΠQCD1 . The remaining five of
these functions have more or less similar forms.
4ΠQCD1 = 2m
2
N(1535)
{∫ 1
0
dα
α
(q − pα)4
∫ 1
α
dx2
∫ 1−x2
0
dx1
[
(1− t)[2A1 − 2A2 −A3 + 3A4 + 2V1 + 2V2 − 4V3
+ 2V4 − 4V5] + (1 + t)[2P1 − 2P2 + 2S1 − 2S2 + 2T2 + 4T3 − 6T5 − 4T7]
]
(x1, x2, 1− x1 − x2)
+ 2
∫ 1
0
dα
α
(q − pα)4
∫ 1
α
dx3
∫ 1−x3
0
dx1
[
(1 + t)[−P1 + P2 − S1 + S2 − T1 + T5 + T7 + T8]
]
× (x1, 1− x1 − x3, x3)
+ 2
∫ 1
0
dβ
∫ 1
β
dα
1
(q − pβ)4
∫ 1
α
dx2
∫ 1−x2
0
dx1
[
(1 + t)[−T2 + T3 + T4 − T5 − T7 − T8]
]
× (x1, x2, 1− x1 − x2)
− 2
∫ 1
0
dβ
∫ 1
β
dα
1
(q − pβ)4
∫ 1
α
dx3
∫ 1−x3
0
dx1
[
(1 + t)[T2 − T3 − T4 + T5 + T7 + T8]
]
× (x1, 1− x1 − x3, x3)
+ 8m2N(1535)
∫ 1
0
dβ
∫ 1
β
dα
β2
(q − pβ)6
∫ 1
α
dx2
∫ 1−x2
0
dx1
[
(1 + t)[−T2 + T3 + T4 − T5 − T7 − T8]
]
× (x1, x2, 1− x1 − x2)
− 8m2N(1535)
∫ 1
0
dβ
∫ 1
β
dα
β2
(q − pβ)6
∫ 1
α
dx3
∫ 1−x3
0
dx1
[
(1 + t)[T2 − T3 − T4 + T5 + T7 + T8]
]
× (x1, 1− x1 − x3, x3)
}
, (13)
where, Ai, Pi, Vi, Si and Ti are distributions amplitudes
of different twists. They have been expressed with re-
spect to N(1535) state wavefunctions. The explicit forms
of these wavefunctions are presented in Ref. [40]. To elim-
inate contributions coming from the excited and contin-
uum states the Borel transformation and continuum sub-
traction are performed. The suppression of the excited
and continuum states can be accomplished by means of
the subsequent subtraction rules [41]:
∫
dz
ρ(z)
(q − zp)2
→−
∫ 1
x0
dz
z
ρ(z)e−s(z)/M
2
,
∫
dz
ρ(z)
(q − zp)4
→
1
M2
∫ 1
x0
dz
z2
ρ(z)e−s(z)/M
2
+
ρ(x0)
Q2 + x20m
2
N
e−s0/M
2
,
∫
dz
ρ(z)
(q − zp)6
→−
1
2M4
∫ 1
x0
dz
z3
ρ(z)e−s(z)/M
2
−
1
2M2
ρ(x0)
x0(Q2 + x20m
2
N )
e−s0/M
2
+
1
2
x20 e
−s0/M
2
Q2 + x20m
2
N
[
d
dx0
ρ(x0)
x0(Q2 + x20m
2
N )
]
, (14)
where,
s(z) =(1 − z)m2N +
1− z
z
Q2,
x0 =
√
(Q2 + s0 −m2N )
2 + 4m2NQ
2 − (Q2 + s0 −m
2
N )
2m2N
.
(15)
The residue of nucleon, λN , is needed for the numerical
computation of N(1535)→ N transition tensor form fac-
tors. The λN is specified from two-point QCD sum rules
5[19]:
λN =
[
e
m
2
N
M2
{
M6
256π4
(5 + 2t+ t2)E2(y)
−
〈q¯q〉2
6
(
6(1− t2)− (1− t)2
−
m20
4M2
[
12(1− t2)− (1 − t)2
])}]1/2
, (16)
where
y = s0/M
2,
and
En(y) = 1− e
−y
n∑
i=0
yi
i!
.
III. NUMERICAL ANALYSIS AND
CONCLUSION
In this section, we have obtained numerical analysis
of N(1535) → N transition tensor form factors. The
DAs of N(1535) state have been evaluated by means
of the light-cone QCD sum rule in Ref. [40]. The nu-
merical values of the input parameters inside the DAs
of N(1535) state are given in Table I, which are ob-
tained at renormalization scale µ2 = 2.0 GeV2. Fur-
thermore, we use λN1 mN = −3.88(2)(19) × 10
−2 GeV3
and λ
N(1535)
2 mN(1535) = 8.97(45)× 10
−2 GeV3, given in
Ref. [42] at renormalization µ2 = 4.0 GeV2, by rescal-
ing to µ2 = 2.0 GeV2. Beside these values, we use:
mN(1535) = 1.51± 0.01 GeV, mN = 0.94 GeV [43], m
2
0 =
0.8± 0.1 GeV2 and 〈q¯q〉 = (−0.24± 0.01)3 GeV3 [44].
TABLE I: Input parameters of the N(1535) state DAs for the two different sets.
Model | λ
N(1535)
1 /λ
N
1 | fN(1535)/λ
N(1535)
1 ϕ10 ϕ11 ϕ20 ϕ21 ϕ22 η10 η11
LCSR–I 0.633 0.027 0.36 −0.95 0 0 0 0 0.94
LCSR–II 0.633 0.027 0.37 −0.96 0 0 0 −0.29 0.23
The predictions for the isovector and isoscalar tensor
form factors depend on three auxiliary parameters; the
Borel mass parameter M2, arbitrary mixing parameter t
and continuum threshold s0. For the quality of the nu-
merical values of the physical observables, we should min-
imize the dependence of the results on these parameters.
The M2 can change in the interval that the results rela-
tively weakly depend on it with respect to the standard
definition. The upper limit of it is acquired demanding
the maximum pole contributions and its lower limit is ac-
quired the convergence of the operator product expansion
and exceeding of the perturbative part over nonpertur-
bative contributions. The t is chosen such that, the esti-
mations of the isovector and isoscalar tensor form factors
are reasonably insensitive of the values of t. The work-
ing region for the s0 is chosen such that the maximum
pole contribution is obtained and the results relatively
weakly depend on its choices. These constraints lead to
the working intervals for auxiliary parameters as
2.50 GeV2 ≤M2 ≤ 3.50 GeV2,
2.50 GeV2 ≤ s0 ≤ 3.00 GeV
2,
− 3.00 ≤ t ≤ − 5.00.
In Figs. (1) and (2), we show dependency of isovec-
tor and isoscalar tensor form factors with respect to
Borel mass parameter at three fixed values of contin-
uum threshold and two fixed values of arbitrary mixing
parameter in their working interval. The results show
good stability against the variations of the Borel mass
parameters, as desired. In Figs. (3) and (4), we plot the
dependence of the isovector and isoscalar tensor form fac-
tors on Q2 for various values of s0 and t in their working
regions and at the fixed values of M2 = 3.00 GeV2 for
LCSR-I and LCSR-II values of input parameters entering
the DAs. All the form factors taken into account show a
similar dependence on Q2 for LCSR-I and LCSR-II ex-
cept the form factor H˜I=0T (Q
2). This form factor changes
its sign in the region under consideration, so its results
are not given in the text. We should noted here that the
light-cone QCD sum rule approach is trustworthy only
Q2 > 1.0 GeV2. On the other hand, the baryon mass
corrections of the DAs ∼ m2/Q2 become very large for
Q2 < 2.0 GeV2, in other words the light-cone QCD sum
rules turn out to be untrustworthy. Thus, we expect the
light-cone QCD sum rule to be more reliable and effective
in the region of 2.0 GeV 2 ≤ Q2 ≤ 10.0 GeV2.
As we mentioned above our sum rules work only Q2 ≥
2.0 GeV2. However, we want to extend our analysis to
the region 0 ≤ Q2 < 2. To do this, some fit parameters
need to be used. Our numerical investigations indicate
that the isovector and isoscalar tensor form factors of
6N(1535)→ N transition is nicely defined employing the
p-pole fit function,
F(Q2) =
F(0)(
1 +Q2/(pm2p)
)p . (17)
The numerical results obtained for N(1535)→ N tran-
sition isovector and isoscalar tensor form factors are given
in Table II. The results obtained by employing LCSR-I
and LCSR-II parameters were found quite different from
each other. The numerical values of the form factors
EI=0,1T (Q
2 = 0), HI=0,1T (Q
2 = 0) and H˜I=0,1T (Q
2 = 0)
for the LCSR-II numerical values are smaller than those
for the LCSR-I parameters. As one can see from the Ta-
ble I, the essential difference between input parameters of
the DAs is the numerical values for the η10 and η11, which
are related to the p-wave three-quark wave functions of
N(1535) state, and therefore to the distribution of orbital
angular momentum. This means these form factors are
very sensitive to the shape parameters of the DAs of the
N(1535) state that parametrize relative orbital angular
momentum of the quarks.
TABLE II: The obtained numerical values for the parameters of the isovector and isoscalar tensor form factors by employing
the p-pole fit functions.
LCSR-I LCSR-II
Form Factors F(0) mp(GeV) p F(0) mp(GeV) p
EI=1T (Q
2) 7.54± 1.26 1.10± 0.05 3.6− 4.0 3.48 ± 0.84 1.07 ± 0.07 3.8− 4.2
EI=0T (Q
2) 5.05± 1.01 1.13± 0.08 3.6− 4.0 3.00 ± 0.66 1.14 ± 0.10 3.6− 4.0
HI=1T (Q
2) 5.22± 0.27 1.30± 0.10 3.0− 3.4 1.51 ± 0.20 1.28 ± 0.10 3.0− 3.4
HI=0T (Q
2) 3.37± 0.47 1.28± 0.11 3.0− 3.4 1.10 ± 0.20 1.32 ± 0.10 3.0− 3.4
H¯I=1T (Q
2) 14.51 ± 4.43 1.02± 0.10 3.6− 4.0 1.30 ± 0.39 1.18 ± 0.14 3.6− 4.0
H¯I=0T (Q
2) − − − − − −
To summarize, we have applied isovector and isoscalar
tensor current to evaluate the tensor form factors of the
N(1535)→ N transition with the help of light-cone QCD
sum rule method. In numerical computations, have used
the most general forms of the interpolating current for
the nucleon and the tensor current together with two dif-
ferent sets of the input parameters in the DAs of the
N(1535) state. We have obtained that the values of
N(1535) → N transition tensor form factors very sen-
sitive to the input parameters of the DAs of the N(1535)
state. We have acquired that the Q2 dependence of
N(1535)→ transition tensor form factors are well defined
by a p-pole fit function. To our knowledge, this is the first
study in the literature committed to the examination of
the N(1535) → N transition tensor form factors. Thus,
experimental data or theoretical predictions are not yet
available to compare our numerical results with them. A
comparison of the results acquired with the estimations
of other theoretical approximations, such as quark model,
chiral perturbation theory, lattice QCD, etc., would also
be interesting.
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FIG. 1: The dependence of the isovector tensor form factors of N(1535) → N transition on M2 at Q2 = 2.0 GeV2 and different
values of s0 and t at their working windows. (a), (c) and (e) for LCSR-I, and; (b), (d) and (f) for LCSR-II.
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FIG. 2: The dependence of the isoscalar tensor form factors of N(1535) → N transition on M2 at Q2 = 2.0 GeV2 and different
values of s0 and t at their working windows. (a) and (c) for LCSR-I, and; (b) and (d) for LCSR-II.
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